Abstract: This paper deals with the problem of retaining the connectivity in a Mobile Ad-hoc communication mesh Network (MANET). A multi-agent systems perspective is taken, where primary mobile agents (PAs) can only communicate when the relative distance is less than a "visibility range". PAs form a network that can become disconnected depending on how they move to achieve their global task (which does not include the connectivity maintenance). To retain connectivity, a number of Relay Agents (RAs), whose motion is governed by a command center (CC), are sent to the field to act as "communication bridges" enforcing the global connectivity of the network containing both the PAs and the RAs. Graph-oriented concepts and analysis tools, particularly the minimal spanning tree (MST) notion, are adopted in the present work to analyze the connectivity properties of the network and to establish in real time how many additional RAs are required and how they should move in order to prevent the connectivity loss. Artificial potential fields and finite-time control techniques are utilized to drive the relay agents to their waypoints while avoiding the collisions. Numerical examples confirm the efficacy of the proposed multi-layer control strategy.
INTRODUCTION
Mobile Ad-hoc communication mesh NETworks (MANETs) that consist of multiple agents and perform cooperative tasks have many military and civilian applications (Bordetsky et al. (2010) ), e.g. coping with crisis situations that arise due to natural or man-made disasters (Kanchanasut et al. (2007) ). Reconnaissance, surveillance, and sensing through multi-robot networks have been the subject of much research (see, e.g., McLain et al. (2003) ; OlfatiSaber et al. (2007) ; Ren et al. (2007) ). Within a related framework, recent results on finite-time consensus-based distributed coordination of uncertain multi-agent systems are also worth to remark (seeFranceschelli et al. (2016 (seeFranceschelli et al. ( , 2015 )).
In typical sensing scenarios, for instance, a group of agents investigate a phenomenon of interest, with individual agents performing a primary data-gathering task while also meeting other requirements for network coordination. In such networks, each agent gathers its data and ensures network coordination by adapting to meet the system's goal. The research has based heavily on ideas from control, sensor networks, optimization, and graph theory (Jadbabaie et al. (2003) ; Mesbahi et al. (2010) ), where information exchange and cooperation are key elements.
Loss of communication capability (i.e., loss of connectivity) in the mobile communication mesh networks could result in loss of functionality of the entire application. Predicting and preventing loss of connectivity in the MANETs is a challenging task, which is usually performed using some form of traditional graph theoretic methods ( Zavlanos et al. (2011) ). Research in the robotics field on MANETs has also provided solutions to building and maintaining a communications bridge of mobile robotic routers (Tian et al. (2005) ) to connect a mobile agent to a static base station.
In the majority of the existing approaches (see e.g. Zavlanos et al. (2011) and the references therein) all PAs can move to achieve the task of connectivity maintenance. Here, the motion of the PAs is not at CC disposal, and in order to retain connectivity CC is only in a position of sending the appropriate number of RAs to the field of operation. In Edwards et al. (2013) , inspired by Zavlanos et al. (2011); Simonetto et al. (2011) , all available RAs are in play and their way-points were computed through the solution of an optimization problem attempting to maximize the Fiedler value of a suitable "predicted" graph, that was called "phantom" graph. This approach brings, however, some drawbacks. The iterative solver could be unable to rapidly find a viable solution if the initial solution is not properly chosen. Additionally, the objective function is not available in analytic form, and thus its gradient has to be calculated numerically, which brings additional errors.
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